success (MILLER et al. 1998) . If the initial flight distance becomes shorter when the level of human disturbance increases, this behavior can provide a rapid and easy way to evaluate the species' tolerance to human interference and to monitor the degree of disturbance in a given environment (LIN et al. 2012) .
Thus, understanding the factors that jointly determine the escape distance of birds is an important tool for biodiversity conservation, as this knowledge can set limits on human actions. These studies may help the development of strategies to integrate human presence with the conservation of biodiversity, both in cities and in protected areas, supporting master and management plans, respectively. This subject has been well-discussed in temperate regions, mainly in Europe (e.g., CLUCAS & MARZLUFF 2012 , MØLLER & IBÁNEZ-ÁLAMO 2012 , MØLLER & LIANG 2012 , DÍAZ et al. 2013 ), but it is poorly known for the Neotropics (but see FERNÁNDEZ-JURICIC et al. 2004 , CARRETE & TELLA 2010 . In Brazil, to our knowledge, there are no previous studies focusing on this issue.
Here, we used human approach as a model to test for some factors that are thought to influence the escape distance in some Neotropical birds, assuming that this behavior, although having an innate component, may vary within populations of the same species depending on the environmental characteristics and biological factors. Our predictions are:
1) The flight distance is influenced by the intensity of human occupation, tending to decline in urban compared with nonurban areas. Populations that have been present in urban areas for generations tend to have a lower escape distance compared to those in rural habitats as the members of urban populations become used to human presence, allowing a closer approach (COOKE 1980 , MØLLER 2008 , CARRETE & TELLA 2011 . The urban individuals also face a lower risk of predation because predator densities in urban areas are generally lower (DÍAZ et al. 2013) .
2) The type of approach affects the flight distance, both in terms of the number of intruders and in terms of their positioning: the fewer the people, the smaller the escape distance. By increasing the number of people approaching a bird, we simulate an increase in the density of predators and in the risk of detection as well, thus increasing the escape distance (FRID & DILL 2002 , GEIST et al. 2005 ).
3) The flight distance tends to increase throughout the day. This effect is related to the individual's level of satiation: the lower the starvation, the greater the vigilance (BEDNEKOFF & HOUSTON 1994 , OLSSON et al. 2000 .
4) The seasons (breeding vs. non-breeding) affect the flight distance in birds. In the breeding season, high energy costs are associated with parental care, and we would expect a higher adult tolerance to intruders and a shorter escape distance (FRID & DILL 2002) .
5) Larger birds have a greater flight distance than smaller birds. Body size and body mass are closely related to the ability to avoid predation; larger birds tend to have a longer flight distance, i.e., they are less tolerant to predator approach.
This lower level of tolerance is due primarily to their greater requirements for energy in taking off from the substrate: these large birds are less agile and are more easily visually recognized by predators. For this reason, they are more vulnerable to predation than are smaller-bodied species (BLUMSTEIN 2006) . If the Flight Initial Distance (FID) is related to body mass, and assuming that the energy expenditure required for takeoff is greater in larger-bodied species, then we would also expect to find a direct relationship between FID and FFD (Flight Final Distance).
MATERIAL AND METHODS
This study was conducted in the region of Sorocaba, state of São Paulo, southeastern Brazil, in both urban and non-urban areas (Fig. 1) . The regional climate is classified as humid subtropical (Cwa according to Köppen's climate classification) (ALVARES et al. 2014) . The dry season lasts from April to September. August is the driest month (mean = 33 mm), and July the coldest (mean = 18° C). The rainy season, which includes the breeding season of most tropical birds (WISELSKI et al. 2000) , occurs from October to March. January is the wettest month (mean = 235.5 mm) and January/February are the hottest months (mean = 25°C) (CEPAGRI 2015) . We sampled three parks in an urban area. We sampled the park known locally as "Parque das Águas" (23°28'12"S, 47°26'46"W), 116.39 ha in area and bordered by the largest ZOOLOGIA 32 (6): 438-444, December 2015 river running through the city, the Sorocaba River; the "Parque da Água Vermelha" (23°31'16"S, 47°29'15"W), 2.02 ha in area, and the "Parque da Biquinha" (23°31'0"S, 47°27'22"W), 2.88 ha in area. All three parks have trees, trails, lakes and recreation areas. The first park is relatively less wooded (only ~3% of vegetal cover), and the landscape consists primarily of lawns, ponds, sidewalks and pathways, along with a park for playing ball sports. The other two parks are smaller than the first and host small patches of native vegetation (respectively ~50% and 47% of vegetal cover (MOTA et al. 2014) .
The non-urban area was represented by the Ipanema National Forest (23°25'24"S, 47°35'45"W), a federal protected area of sustainable use approximately 15 km far from Sorocaba and approximately 5,385 ha in area (ICMBIO 2015) . The Ipanema National Forest is an ecotone landscape in which the matrix mixes semideciduous forest, dense and mixed rain forest and Cerrado sensu latu (ALBUQUERQUE & RODRIGUES 2000) .
Data were collected from September 2011 to June 2013, in the urban areas and in the protected area. We estimated flight distances using a methodology modified from BLUMSTEIN (2003) . When an individual bird was found on the ground, an observer walked at a steady speed toward this bird until it took flight. Then, using a measuring tape, we measured the distance between the observer and the place where the flight began (Flight Initial Distance -FID) and between this place and the landing position (Flight Final Distance -FFD). When a bird landed on a perch, the FFD was calculated as the square root of the sum of squares of the horizontal and vertical distances. When birds were in a group, we chose only one individual, the one closest to the observer. We did not approach alarmed birds. We consider alarmed birds that, even before our approach, exhibited alert behavior, not foraging.
Possible effects of urbanization and familiarity of birds to human presence were tested by comparing data on the same species from distinct populations living in the city and in the protected area.
We used three treatments to address the effect of human approach on flight distance: one person approaching (1S); two side-by-side (2S); and two, one a distance of 1.5 m behind the other (2B) The orientation of an intruder simulates a direct or tangential approach towards the prey. Birds may be better able to detect the approach of two potential predators side by side than two predators, one behind the other (GEIST et al. 2005) .
To check whether the flight distance increased throughout the day, we collected data at various times, primarily in the morning from 6 am until 9 am and also in the afternoon from 4 pm until 6 pm. We then grouped these data in two classes: morning and afternoon.
To evaluate the premise that the escape responses of birds in the breeding season are different from those of non-breeding birds, we collected data from September 2011 to June 2013, covering both wet and dry seasons. We sampled four months (October/2011 , February/2012 , January/2013 and February/ 2013 in the breeding, and five months (September/2011 , September/2012 , April/2013 , May/2013 and June/2013 in the nonbreeding season.
To check for a positive relationship between body mass and flight distance, we surveyed birds of different sizes, implying different body masses, including passerines and non-passerine birds. We used body masses of sampled bird species from the literature (DUNNING-JR 2008) . Bird species taxonomy follows the CBRO (2014).
We log 10 -transformed FID, FFD and body mass to achieve normal distributions (MØLLER & LIANG 2012) , selecting species having at least 10 samples and at least two replications for each factor. We used a multivariate linear regression analysis (95% confidence intervals) to test the joint effect of all independent variables (urban x non-urban, approximation, daytime, seasons, body mass) on the dependent variables (FID and FFD).
To check for nonrandom variation in FID and FFD across species, we ran a one-way analysis of variance with log-10 transformed data (DÍAZ et al. 2013 ). We used a linear regression analysis to check for the effect of body mass on the FID and FFD (using means of FID and FFD of all individuals of the same species) and on the FID in FFD (using data for all species).
All analyses were run with R software (R DEVELOPMENT CORE TEAM 2008).
RESULTS
We sampled 533 records of flight distances, from which 281 (53%) were in the urban area and 252 (47%) in the nonurban area, totaling 57 species from 14 orders and 28 families; 30 were passerines (53%) and 27 non-passerines (47%). Sixteen species were sampled only in the non-urban habitat; 19 only in the city and 22 in both places. Next, we select eleven species from these 22 (meeting our criteria of having at least ten samples and at least two replications for each factor), resulting from 331 "valid" records (Appendix S1 1 ). Five species had a significantly longer FID in the protected area: Ardea alba (Carl Linnaeus, 1758, Ardeidae) (F = 11.67, p = 0.003), Furnarius rufus (Gmelin, 1788), Furnariidae (F = 19.8, p = 0.025), Gallinula galeata (Lichtenstein, 1818), Rallidae (F = 8.67, p = 0.009), Vanellus chilensis (Molina, 1782), Charadriidae (F = 26.618, p = 3.93e-06) and Zenaida auriculata (Des Murs, 1847), Columbidae (F = 1,796, p = 2.309e-07). One species, F. rufus, increased its FID in the breeding season (F = 5.63, p = 0.000), (contrary to our prediction), and one species (A. alba) had a longer FID in the afternoon (F = 1.796, p = 2.309e-07). We have found no effect of the type of approach (Figs. 2-8 ).
The sampled species differed in FID and in FFD (F = 36.591, p = 4.09e-09). We found a positive and significant correlation between body mass and FID (F = 8.0079, p = 0.0142) and between FID and FFD (F = 33.412, p = 0.0002; smaller species had a shorter FID (Figs. 9-11 ).
DISCUSSION
According to our prediction, and as stressed in previous studies (e.g., MØLLER & LIANG 2012), we found a decreased FID in populations of five species living in the urban area. More than half of the world's human population lives in urban areas, and this process has accelerated rapidly in Latin America (ORTEGA-ÁLVAREZ & MACGREGOR-FORS 2011 and references therein). These habitats usually have high human population densities and are subject to more frequent disturbances (MØLLER 2012) ; faced with this situation, animals incur extreme energy expenditure through escape, which can lead to a reduction in body condition and, consequently, lower fertility rates and expectation of survival, and a population decline is expected (MØLLER 2008) .
Tolerance to urban areas is directly related to the choice of species habitats, resource requirements, reproductive strategies and survival rates, resulting from behavioral flexibility (the ability of the individual to adjust their behavioral decisions to different circumstances), and ecological (ability to use new features) and physiological (ability to withstand physiological stress) adaptations (MØLLER 2009). Thus, reducing FID is a strategy that fits the urban characteristics, increasing tolerance to human presence and adjusting the cost-benefit relationship between risks of starvation and predation. This pattern may be common in the Neotropics, mainly for species having higher ecological plasticity and, in part, may explain the higher presence of generalist species replacing specialists in urban areas.
We have not found any difference in bird's responses to the three tested types of approach. Actually, It is not clear how an increase in predator density can influence the behavior (GEIST et al. 2005 ) and studies on this variable are still scarce, but anti-predatory responses related to predator density may vary according to historical and ecological conditions (ABRAMS 1994).
We have detected changes in FID over a day for A. alba. The FID became longer in the afternoon, in agreement with our prediction. However, it is also possible that conditions such as availability of food resources may act more forcefully in determining the FID than time itself. If the food resource density is high, an increase in foraging time can offset the predation risk; when resources are scarce in the area, the benefits of flee and look for a new area quickly outweigh the costs to of continuing to forage (YDENBERG & DILL 1986) .
One species (F. rufus) increased its FID in the breeding season. Birds would respond differently to the risk of predation during the breeding season (FRID & DILL 2002) because escape behavior requires time and energy, which otherwise would be applied to other activities related to fitness, such as parental care. The decision to stay and defend the nest or abandon it and ensure individual survival depends on factors such as residual reproductive value (probability of future reproductive success), clutch size (species having larger offspring tend to leave the nest more easily), the offspring mortality rate, territorial behavior, and opportunistic flock formation (favoring foraging, parental care, and territorial defense) (FRID & DILL 2002) .
A robust correlation was found between body mass and mean FID. Larger species have higher FIDs than smaller ones (BLUMSTEIN 2006) , and if the body mass is negatively related to escape ability, then the benefits of an early escape (longer FID)
Figures 2-8. Boxplots (means and standard deviations) of FID for species having significant differences for sites (2-6), daytime (7) will be higher for larger species than for small ones. Furthermore, the larger species are more visible to predators, and their vulnerability contributes to increase the cost of staying (LIMA 1993) . They also have a greater ability to detect a predator ) and a higher FID as well; therefore, they are generally more vulnerable to human presence. Under intense disturbance, the fitness of the larger species can decrease more markedly by reducing the efficiency of foraging and reproductive success, tending to produce a more rapid population decline than that seen in smaller species (FERNÁNDEZ-JURICIC et al. 2006 , MØLLER 2008 . Accordingly, large-bodied birds are likely to decline in cities.
Larger species also have a longer flying range and a higher speed shortly after takeoff (TOBALSKE & DIAL 2000) , thus requiring larger areas for survival (SCHOENER 1968) , and a higher speed at the end of the runway (TOBALSKE & DIAL 2000) , these factors can also explain their relationship to a greater FFD. Smaller species that have higher metabolic rates may be unable to tolerate long periods without landing to feed, thus rapidly returning to foraging behavior after a disturbance (LIMA 1993) , resulting in a shorter DFF.
Many studies focusing on factors affecting escape distance are based on optimal escape theory, which states that prey initiates flight when costs of remaining and fighting are the same (YDENBERG & DILL 1986 ). However, recent papers have stressed the strangeness of the costs paid to monitor an approaching predator, the Flush Early and Avoid the Rush (FEAR) hypothesis (e.g., BLUMSTEIN 2010 , SAMIA & BLUMSTEIN 2015 , and a positive correlation between alert distance (AD) and flight initiation distance (FID), which were not tested here. Thus, we conclude that this issue is not exhausted, and new fronts are still being opened, mainly in the Neotropics, where a gap in the knowledge of this behavioral trait still remains. As stressed before, to investigate the set of factors affecting escape distance in Neotropical birds is a valuable tool for defining public policies regarding land use, both in natural areas and in the cities.
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